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ABSTRACT 

Although mathematics can be described as a formalized 
lamguage, the signs and symbols of mathematical representation are 
subject to individual interpre ation, which, if inaccurate, can lead 
to inhibitions alx>ut and interferences with the mathematical learning 
process. The purpose of this study was to explore communication in an 
intermediate-level college discrete mathematics classroom and to 
elucidate possible differences in interpretation that could detract 
from the attainment of an accurate shared meaning, as well as the 
effects of those differences upon achievement levels. Transcripts of 
multiple interviews with 12 purposively chosen student volunteers 
were analyzed for discrepant, iiuitative, or interpretive analyses of 
the course material, and comparisons were made between students' test 
results and the various types of students' explanations. When 
students' test scores and final interview ratings were examined, no 
significant patterns were noted beyond the fact that high achieving 
students differed little from the other students in terms of 
frequency of interpretative answers to interview questions. (JJK) 
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Abstract 

Thia papar focuaad en atudanta' undar standings of lactures 
in an intarmadiata collaga mathamatics class, Finita Mathamatics. 
Sagmants of tha vidaotapad class focusing on symbolic notation in 
tha lactura wars raplayad to tha instructor and to studants 
individually. Thay wars aach intarviawad and askad thair 
explanation of tha matarial being presented. Transcripts of the 
explanation interviews were analyzed for discrepant, imitative, 
or interpretive analyses of the material that was presented. 
Finally, test results over the material were compared with types 
of explanation* 
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Saoilotics in thm 
Ccll^ga Mathamatlca Clasaroom 



At 10x07, thrao mtnutaa bafora tha achadulad atart of 
claaa, Laura, tha inatructor, arrivaa. Sha amilaa at 
tha acattaring of atudanta and talka a littla about tha 
waathar and har walk acroaa campua, h faw atudanta 
approach har to aak about tha racant taat, a claaa data 
thay will miaa..« At 10:10 tha claaa bagina; about 
fifty of tha original 90 atudanta who wara anrollad ten 
waaka ago ara praaant today for tha introduction of naw 
matarial on Markov chaina. At 10j34, Lorria, ona of 
two African American atudenta in tha atudy, arrives. 
Paola^ a Hispanic student who is also in the study, is 
among those who miss today's class. 



Racent reports on the status of education in tha United 
Statea have called attention to curriculum at tha alamentary, 
aecondary, and the post secondary levela. In particular, of 
aixtaan major reports published since 1983, nearly all focused on 
the importance of mathematics and mathematics achievement to the 
country's future (Shane, 1987)* Many students who come to 
college have insufficient mathematics preparation at the 
secondary level* Thus most colleges offer courses to prepare 
students for college level work. 

The success rate of students in these classes is typically 
50% or less. A disproportionately high percentage of women and 
minorities fail such courses (Hackett, 1985; Melange, 1987). 
Unfortunately, these mathematics courses serve as educational 
and vocational ''gate keepers." A student who is unsuccessful at 
mastering mathematics skills looses tha opportunity to enroll in 
a broad range of college courses. Thus : heir choice of career is 
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limltsd. 

whil# many ftxprassad concsrn about difficulties coilegs 
studants hava with mathamatics, thsra is littls rssaarch on ths 
mathamatics axpsrisncs at ths post secondary Isvsl. Although 
thsra has bsan a vsry specific focus on students who have what 
may be termed "math anxiety (Stodolsky, 1985; Williams, 1988), 
little research has been conducted on learning of mathematics in 
the college classroom. Additionally, most studies of the college 
classroom tsnd to focus on quant it at ive relat ionships between 
evaluations of the classroom environment and students' grades, 
ignoring finer nuances of transmission of meaning and actual 
learning. Mancowski and Chickering (1987) have called for a 
higher education research agenda that places greater emphasis on 
learning in the college classroom. 

Communication in American society is dominated by 
mathematical and verbal symbols. However, the signs and symbols 
that are used to communicate about mathematics are subject to 
individual interpretation {Cunningham, in press; Eco, 1976). 
Indeed, mathematics may be described as a formalized langiaqe 
{Eco, 1976). It is possible that misinterpretation of signs 
(written, verbal, and nonverbal) in a mathematics classroom may 
lead to mistaken notions regarding the nature of matheroat jl.^ 
Such inaccuracies about the nature of a domain of knowledge can 
inhibit or interfere with learning (such as incorrect knowledge 
about the nature of mathematics) (Alexander & Judy, 1988) • 

Symbols commonly employed by instructors to communicate in 
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mathsmatlcs cl««i«i may mitundacBtood by atudanta in thoso 
claaaaa. Such diffarancaa in lingviiatic intarpratat iona have 
baan ahown to cauaa probloma for languaga minority atudanta in 
mathomatica claaaaa (Cocking fi Mestra, 1988). It ia poaaible 
that auch differancaa can cauaa problema for other atudanta aa 
wall. 

Tha purpoaa of thia atudy was to axplora communication in an 
intarmadiate level college mathomatica claaaroom. The following 
queationa guided the study. what are the eigne that are used to 
communicate in the classroom? How does the inatructor of the 
claaa interpret those signs? How do atudanta in tha class 
interpret thoae signs? Do differences in interpretation of signs 
in a mathematics classroom vary by success levels of students? 
Which Btudenta are more likely to share the instructor's 
interpretation of those signs? 



Method 

The primary data collection technique employed was similar 
to Cuba and Lincoln's hermeneutic dialectic (Cuba, 1988} and 
Glazer and Strauss' {1967} constant comparative method. However, 
the purpose of this study was not to negotiate consensus or 
shared meaning; rather, the purpose was to elucidate differences 
in interpretation (dicensus} that could inhibit the achievement 
of shared meaning. 

Thf Styling 

The aetting was a ccllege level mathematics class entitled 
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"Finlt* M«th»m«tic»- «t a midwattsrn r«««Arch univ«r»ity. Th© 
clAva included busin«*s as well •ocial •eisnce majora, many of 
whom had alraady aucceaafuHy compl«t«d on* ••maatar of calculus. 
It fulfilled ganaral university dittribution requirementa for 
mathematice. Additionally, it was an alternative choice to 
■econd eemeater calculus for many of the business »«jora in the 
class . 

One of four major class segments, covering material on 
Markov chains, was chosen for this study. Based on the 
instructor's knowledge, it was decided that this was material 
with which students would have had the least previous exposure. 
Other segments of the class included topics on probability, 
statistics, systems of equations, matrix algebra, and linear 
programming . 

Markov chains are stochastic processes (one definition of 
stochastic process is "An experiment which consists of a 
sequence of subexperiment s " (Maki & Thompson, 1989:99). A 
stochastic process is called a Markov chain if 1) it includes a 
fixed number of states, and at each stage the process is in one 
of those states, and 2) the conditional probability of a 
transition from any given state to any other state depends only 
on the two states and not on the preceding transitions (Maki & 
Thompson, 1989 } . 

As an example of a Markov chain, consider a basketball 
player shooting free throws. If she makes a free throw, the 
probability that she makes the next one is .7, the probability 
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that »hm mic««B is .3. If ah* miaaaa a fraa throw, tha 
probability that aha makaa tha naxt ona ia .6 and that aha niaaoa 
tha naxt ona alao, .4. Thia Markov chain haa poaaibia two 
atataa^ maka (1) or miaa (2). Information about thia Markov 
chain may ba rapraaantad symbolically in ona of thrae ways: 



») 



b) 



By listing tha probabilities; 

?12 " '3 (probability of going from maka to miaa) 

pil .7 (probability of going from maka to mako) 

Pji " .6 (probability of going from miaa to mako) 

^22 " (probability of going from miaa to miss) 

By craating a transition matrixt 



. 7 



. 6 



. 3 



.4 



(Tha first olemant in tha sacond row indicatas 
the probability (.6) of going from miss to make.) 
c) By drawing a transition diagram: 

. 3 




This seemingly heavy use of notation is not unusual in a 
mathamatics classroom. Thus, mathematics affords a unique 
opportunity to study students' interpretations of signs. 

The instructor, Laura, holds two maater's degrees, one in 
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mathamaticft, «nd onm in a*th«aatictt education. Shm has fiftsan 
yaar'a axp«irl«nca taaching collaga laval saathamat ica . 5ha haa 
authorad aavaraX mathamatica taxtbooka and taachar'a guidaa* 
liddit ionaXly / aha haa won aavaral awarda for ovitatanding taaching 
in tha mathamatica claaaroom* For tha paat aight yaara aha haa 
baan tha coordinator of tha mathamatica laarning akilla program 
aa wall aa a lecturer in mathamatica at tha univeraity under 
atudy « 

The researcher holda a master'a degree in mathamatica and a 
Ph.D in education and haa eeven yeara' experience teaching 
college level couraeo. The author haa many publicationa focuaing 
on a variety of college atudent outcomea and research methoda. 
Recent publications focus on success in low level college 
mathemat ice classrooms. 

The researcher visited a class session and explained the 
purpose and procedures for the research project. Students who 
volunteered were given a form to fill out* The instructor and 
the researcher used purposive sampling to select 12 students 
from the volunteers to participate in the project* Respondents 
were chosen to include male and female as well as culturally 
diverse students at various levels of achievement within the 
class. The sample included 7 women and 5 men. Two were African 
American and one was Hispanic American. Students were selected 
from the top, middle, and low ranges of achievement in the class. 
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At tha and of tha tmtm, final gradaa aarnad by tha atudanta 
Included, ona A, ona A"*, two B^m, ona S, ona B**, two Ca, two C-a, 
ona D*^, and ona D"*. 

During tha firat waak of claaaaa of tha apring aamaatar 
damographic data and information regarding atudants' high school 
axpoaura to mathematics were collected by the instructor. 
Additionally, acorea on the Mathematics Skills Asaeasment Test 
and an arithmetic preteat are coded on studenta' records* (This 
information is collected in a standardized way for all low and 
intermediate level mathematics claasea). 

During the semester, four claas lecturea within the ''Markov 
chain" segment of the class were videotaped* .'Simultaneously, the 
researcher viewed the class noting the instructor's as wall aw 
students' uses of signs in the classroom (wricing on the board, 
verbal explanation, verbal cues, nonverbal cues)* 

Immediately following the class, the instructor and the 
researcher viewed portions of the videotape* The researcher 
asked the instructor questions about the si/jns that were employed 
in the just-completed class session. The questions were 
simplistic and ware intended to be of a type that students in the 
claas might also be able to answer. The same day, half of the 
students were interviewed using the same questions. During tha 
interview students were shown the same segments of the tape and 
asked their interpretation of the signs being employed by the 
inatructor. All interviews were recorded * 
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Following thm nmxt cia«» sassion, th« remaining half of th« 
•ampl« was intftrvi«w«d following tha procaduraa daacrlbad abova. 
Bach atudant part icipatad in intarviawa for two claaa aaaaiona 
(ona introductory matarial and a aacond highar laval matariaX) 
for a total of 24 atudant intarviawa. All intarviawa wara 
tranacribad and ara currently baing analysed. Tha analyaia will 
ba comparad with atudenta' achiavamant in tha claaa. 

Data Anmlvai^m 

Data analyaia bagan with tha firat intarviaw. Thia ia 
conaiatant with tha constant comparativa nathod daacribad by 
Glaaar and strauaa (1967). Aa tha intarviawa wara conductad, 
hypothaaaa wara formed that wara than raaaarchad in latar 
intarviawa. For axaropla, it bacama apparent during tha firat 
round of intarviawa that a hypothaaia aet forth initially {high 
achieving atadente' explanations of signa would moat closely 
reaamble tha inatructor's explanat iona ) seemed to be too 
simplistic. During the second round of interviews, an 
alternative hypotheais, that high achieving students put their 
own interpretations on explaneit ions of roatheroatic phenomena, was 
explored . 

Following the interviews, the audiotapes were transcribed to 
hard copy. in an initial reading of tha transcripts, codes wara 
made in the margins to identify types of symbols used in the 
class and to categorize student responses. The explanations were 
initially coded as "wrong", "as an 'I don't know,'" aa 
"imitations" of the instructor's explanations, or as 
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" intarprst at ion" that w«nt b«yond th« ln»t ructor ' * own 
•xplanAt ion* . During a ■•con4 round of coding, imprcfiions wars 
rttflnttd and •xamplas war* idftntifiad for typot of aymbolt that 
war* b«in9 u««d in th« clataroon. 
ffatabliahino Trmtworthinawa 

Lincoln and Cuba a (1985) criteria for aatabiiahing 
truatworthinaaa in naturalistic inquiry guidad thia study. 
Cradibility was astabliahad through tha usa of prolonged and 
paraistant angagamant, triangulation, paar dabriafing, and 
mambar chacka. One instructor and twalva studants wara engaged 
in 26 intarviewa to aiicit thair paraonal explanations of tha 
material being presented in class. Triangul.ation was employed 
through observations of four classes (two on introductory 
material, tv/o advanced material), tha instructor's and students' 
personal explanations of the class, and tha use of multiple 
respondents . 

Tha student sample as well as the instructor conducted 
"member checks." Tha instructor and the interviewed atudents 
ware sent copies of the transcripts of their own interviews as 
wall as copies of the preliminary results. They were asked to 
contact the researcher with any questions, comments, or 
challenges to the material as presented. 

Tha instructor also served as pear debriefer for the study. 
She continually served as a parson to bounce ideas off during the 
data collection. She was asked to read and respond to the final 
report . 



J 2 



//I// 



M«thtti&Atlc0 Cltffsrooffi X2 
For transf •rability, attempt! ^mtm mmdm to bm ts «ccurAta as 
potsibltt about th« content of the course, the claeeroom eettingr 
and the skill level of the students Involved. Thus the rfi^ader 
should be able to judge the applicability of the findings to 
their own settings of interest • 

For dependability and conf irmability , an external audit was 
carried out by an external auditor, a doctoral student who was 
familiar with the methods of naturalistic inquiry and who had 
full access to the videotapesi audiotapes, transcriptions of 
interviews and the coding of information. 

Results 

The questions that were used to guide the study initially 
form the bases for the analysis of data and discussion of the 
results . 

What ftgg g^qng 9g gymfrplff ftgft uffgf^ ffomm^n4ff^t;ft in the 

claseroom? H9Vf ^9§9 thg ingt,gWgt9g Qt thg ClagS UtggPC^t . t hgge 

Biang? How do studentg in the class interpret those eiona ? 

Within this Finite Mathematics classroom, signs or symbols 
were observed that could be categorized in three ways: 
mathematical vocabulary, disciplinary assumptions, and /axioms or 
theorems. Examples of the symbols and signs used in each of 
these categorizations as well as the instructor's (Laura) and 
students interpretations of the symbols used follows* 

Mathgffigtigal yggftfrwUgY- Within the class mathematical 
meanings attributed to words formed a vocabulary that students 
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h«d ♦^o conprahand in ord«r to und«r«t*nd th« m*t«ri«l. Sovaral 
of th««a war* avidant in tha vidaotapad aagmanta. In any 
diacuaaion of Markov chains Laura fraquantly usad tha tarm 



In thia part of cha tapa you ara talking 
about statas. ► >«at do you naan by atataa? 
What is that? 

Wall, whan you ara talking about Markov 
chaina, you ara alwaya doing than within a 
ayatam. You alwaya hava aomathing that is 
happaning and that syatam ia aithar in ona 
outcoma or another outcoma and in thia casa 
we only had two outcomes... Sach of those 
outcomaa becomes a state. 

One student stated that she didn't know what a state was. 

The other eleven students who were interviewed about this segment 

of the videotape indicated an understanding of the term Bill 

was an A- student and Jaaon, an A student. 

Bill: ...I think she was talking about just the 

fact that tha field (goal) kicker either made 
It, in tha sttata of making it, or in tha 
state of not making it. If that ia what she 
meSans, I wouldn't use that term, but I think 
that is what she is talking about. I've kind 
of let that alidrt by on the board, I was 
just trying to see what she was doing on the 
board . 



"atata. " 
Mat 

Laura % 



Jason: They're the different conditions that - 

apply... there are different conditions in 
the process. Different times, time stages. 



While Bill's answer differed from the instructor Laura's in that 
it was specific to the problem that was presented, Jason's answer 
was less exact. He seemed to be grasping at random from phrases 
he heard in class. 

Other, lower achieving students in tha claas were clearer 
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than Jason in thair axplanat^ons * 

Pati; I think a stAta is tha position that*.* tha 

condition of tha chain bafora going cn to 
anothar position or co-*dit jlon. . . or tha n At 
link in ths sarias from ona kick to tha next 
kick. 

Paolaj I think sho meant, lik© kind of a piaca, ... 

not avan a placa^ tha action in ths prasant, 
tha condition • 

Whila thase students' explanations ware not as alaborito ad 
tha instructor's, iiot as txad to the actuality ol the specific 
problem as Bill's, they demonstrated an unc^iarstanding of the 
term . 

Disciplinary Assumptiong. An example ot a symbol that 
incorporated a disciplinary assumption v\b evident when Laura, 
the instructor, was asked, "what does that transition diagram 
mean?" Part of her answer, Tt is just anothe ; way of 
summariai^ing the information. provided an example of the 

kinds of assumptions that those who use mathematics might make 
about the signs with which they communxcate- The transition 
diagram is sometimes a complex combination of circles, arrows, 
and numbers, that provide a description of a Markov chain a 
vary efficient way of presenting a wealth of information. 

Six students were asked what was meant by the transition 
matrix on the blackboard in the videotaped segment of class* one 
student (a minority student who came in 24 minutes late to class) 
said she didn't know. Another student gave a simplistic 
explanation that was correct but provided no derails. Three 
students gave very literal interpretations of the actual diagram 



At i^hlch w« Mimtm looking. Onm studAnt, with thm lowatt grade in 
tha claaa, provided a more elaborate, abatract explanation that 
indicated a good underetanding of what the diagram waa meant to 
repreaent s 

Mitchells It'a a graph of the relationship between two 
events and the potential linkages between 
them. • . the linkages are indicated by the 
direction arrows and next to each of those is 
the probability. • .of going from state one to 
state two, state one to state one (etc.)... 



A second example of the use of symbols in the classroom that 
incorporated disciplinary assumptions occurred when Laura was 
solving a general expression (deriving a formula) for a 
probability matrix . 

Mes Why are there letters all over the board: 

Before there were numbers and decimals that 
you were adding up and here it just seems 
messier • 



Laura; ...if we did a specific case, all we would be 

able to do would be to come up with a 
specific two step matrix. And what we want 
is a general expression^ kind of 11 ke a 
formula for finding it and so we have used 
general expressions for the probabilities. 



Six students were also interviewed about the videotaped 

segment on solving for a general formula. The best response was 

given by the Hispanic student who earned a C- for the course: 

Paolex She is trying to prove something by using 

letters that you could substitute numbers for 
in any case. 



Answers from other studente ranged from good think she is 
trying to indicate what tne numbers represent** to inadequate. 
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Nanattat »..sh«'0 just using twQ diffsr«nt statss, 
CAuss mhm is just showing thrs« p^opls in 
going txom ths firit stat« to ths ssms 
etsts • • . 

Jasons Shs is using variablss to maks it simplsr^ or 
to uss it as an sxampls, to havs it, to show 
us anuthsr way of doing it* 

Intsrsstingly , answsrs givan by Nanotts, a student, and Jason, 

an K studsnt, wsrs not nsarXy as clsar as Paola's. 

Axioms and Th^oyems, soms of ths sxplanation thfit ths 

instructor usad reXisd on axioms or thaorsms studied earlier in 

the semester. Probability, a topic that had been covered in an 

earlier segment of the class, was an important tool in the study 

of Markov chains. At one point in the interview Laura was asked 

why she totalled a series of probabilities. 

Laura: Because the probability of a set of disjoint 
outcomes is the sum of each probability. 

Some students' answers in this section, while they were not able 

to quote the axiom, reflected an understanding of the basic 

concepts . 

Terry; I guess to get the total probability of an 
event happening. And when you have several 
different combinations you just add the 
probability of each individual happening^. 

Mark: We were looking for the probability that he 

makes the last and those were four si tu at ions 
in which he made the last one , so in ordsr to 
get the whole situation she needs to add up 
all the probabilities. 

Of the six students who answered this question, the one who 

scored the highest grade. Bill (A-} and the student who scored 

lowest, Mark (0-*), were not as eloquent. 

Bills Because that is how you get the total 
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prr ability, you hava to add up each 
posaibiXity that would aat iaf y tha quaation 
you ara anawaring, you hava to add up all tha 
probabilitiaa « 

Marki To find tha total of tha thing aha ia 

daf ining« 8 vary chanca that tha individual 
probability or dif f arant outcomaa that af f act 
tha condition of making tha laat kick.*, find 
tha probability of that ona thing by adding 
tha final probability. 

Tha ability to aolva tha problama did not aaao to raXy aolaly on 

ability to racall axioma* 

PQ ,^4tfffgffngfi in int^9gpg#tfttion of gjgnff in a ffft^hftmaticg 
glflgar.gftro yggy fry auccggg XgygXg 9t gtwdttnti? — Whigh. gfeyagnfeg 

morf likalv to share tha inatructor^a int aroretat ion of thPgg 

Ona aaaumption of tha raaaarchar waa that relativaly waak 
atudanta would axhibit gapa in tha waya that thay talkad about 
mathamatica* Tha axpactation waa that tha highar tha achiavomant 
laval of tha atudant, tha mora closaly that atudant'a 
axplanationa and intarpratat iona of tha aigna usad in tha clasa 
would "match** the instructor ' a . In soma instances, that was 
true, but in general it was too simplistic a hypothesis. 

According to l«iitial analysis there were at least three 
Xevela of interpretation emerging from reaponses in the 
interview* At the lowest level, there were incomplete, 
inaccurate, or no explanations about tha signs used in response 
to queationa. However, at a second level, students gave 
"^reverbaliaationa** of what they had heard the inatructor aay in 
claea» Finally, a highar level of reaponae included answers or 
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•xplanatlona of signs and syanbols that Involvsd intarprstat ion 
and novad bsyond acholng ths tsachar's words. Studants wars abla 
to provida rasponsas in thair own tarms. 

Whan studants' tast scores and final scoras vara axaminsd 
thara was aXnost no pattarn of rasponsa in tha abova catagorias. 
Whila tha studants who racaivad tha top gradas in tha class lass 
fraquantly provided wrong answers to questions, they did not 
differ from the other students (middle and low grades) in tarms 
of frequency of interpretive answers. 

For example, in the above section on "Disciplinary 
Assumptions," a student who received a C- for the course, Paola, 
provided the best explanation {and in har own words) for the 
instructor's derivation of a general formula. The A student, 
Jason, provided a weaker explanation. Yet, students who 
understand the usefulness of deriving a general formula have 
incorporated a disciplinary assumption into thair own way of 
thinking and learning. 

0 iscuss ion 

Tobias (1991) conducted a study that included highly 
successful academics from the humanities taking calculus and 
physics classes and highly successful mathematicians and 
scientists taking humanities classes. She learned that each 
group of scholars had difficulty with low level college material 
across disciplinary groupings. Fraquantly, they reported having 
trouble organizing information and sorting what was important 
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txom what w&i unlnsportant . 

On« of thm most Btriking findings from tho itudy reported 
h«r« was thm diff«r«nc« in th« ways that son* high achieving and 
low achieving atudsnts in thia mathaoat ic» class dsscribsd ths 
symbols smploysd in thsir classroom. Prsqusntly, a low achieving 
studsnt was abls to dascribs accurately and eloquently the 
meanings of the symbols usod in abstract terms. However, those 
same students', as indicated by test scores and final grades, 
were least successful in the classroom. By contrast, frequsntly 
the students who earned Aa in the class gave verbal explanations 
of symbols employed that were completely inaccurate. 

It is possible that thoaa who were high achievers verbally 
were not high achievers quantitatively and those at the highest 
level of the mathematics class did not hava good verbal skilla. 
This finding in itself was unsurprising - that the high verbal 
students may be low in quantitative skills. What was surprising 
was the frequency with which those students could better explain 
elements of their mathematics course better than high achievers 
in the same classroom. 

Students' responses ware categorized according to three 
subjectively developed categoriess those that were wrong, 
responses that were reverbalizations of what the instructor had 
said, and interpretive - those that went beyond the xnat ructor ' s 
explanation. Those categories seemed unrelatod tc students' 
success in the classroom as measured by scores on tests and final 
grade . 
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Thi0 .tudy rais«« two qu««tion«. pirit, i£ studftnta grasp 
matarial conceptually and can axplain th« us* of aymbola in the 
Abstract, what Lm it that pr»v»ntt th«n from tranalatlng th»t 
graap into ability as naaaurad in tha claaaroom? second, im it 
Important for thosa who can calculata th« anawars in a 
mathamatica clasa to ba abla to axplain tha constructs about 
which thay ara calculating? 

Studants in this study had aithar succassfully tasted into 
this Finite Mathematics class or had succaadad in passing lower 
level prerequisite courses. The range of final grades for the 
students interviewed was A through D-. However, by the time this 
last segment of the mathematics class was reached, most of thoae 
who were unaucceesful had already withdrawn or failed out of the 
class. Perhaps thoae students would be unable to muster a verbal 
explanation of th«i symbols being used in class. 

Further research might inriude students from an e&rlier 
point in the soiuestet'. This would enable the inclusion of a 
broader twangs of ability In the student sample. Another study 
might explore tha degree to which students respond to questions 
in terms of merely describing symbols. That could be contrasted 
with explanations that include ©vldonce of knowledge about what 
one does with those symbols. 

Th® results of this research were the beginnings of an 
att!4mpt to understand and ovarcome some of the problems with 
learning processes in college level mathematics riaaaroows . 
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